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In Situ Methodology for Studying State Driver Stress:
A Between-Subjects Design Replication
Driver Stress
Driver stress occurs when a motorist appraises a driving situation as demanding or dangerous Matthews, Dorn, & Glendon, 1991) . The stress generally results in emotional responses including anxiety and frustration , as well as psychophysiological responses such as increased blood pressure and muscle tension (Malta et al., 2001; White & Rotton, 1998) . Motorists who describe driving as highly stressful demonstrate reduced control skills and increased errors when following another vehicle (Matthews et al., 1998) and are involved in more minor traffic crashes (Matthews et al., 1991; Selzer & Vinokur, 1975) . Driver stress is also associated with an increased risk of driver aggression including tailgating, swearing/yelling, and obscene hand gestures (Hennessy & Wiesenthal, 2001a) . In a study that asked participants to describe and rate roadway events experienced during their daily commute, up to 75% of participant responses to driver stress involved aggressive driver behaviour . Likewise, in a survey where 85% of respondents acknowledged engaging in aggressive roadway behavior in the past year, 72% cited stress and frustration as the cause of their behavior (Drivers.com, 2007) .
Risk Factors for Driver Stress
Much scientific literature has focused on the identification of risk factors or variables that contribute to driver stress including characteristics of the driver (e.g., demographics, personality traits, mental health), features of the environment or situation
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4 (e.g., weather, vehicle type), and interactions between these person-related and environmental variables (Wickens, Mann, & Wiesenthal, 2013) . Many of these studies utilize retrospective questionnaires that ask motorists to reflect on their previous roadway experiences. These studies provide valuable insights, but they also face a serious potential limitation: biased or inaccurate recall. Drivers may not accurately recall all of the sources of roadway frustration nor the intensity of stress or anger experienced.
In response to this limitation, Hennessy, Wiesenthal and colleagues initiated a program of research that utilized an in-vehicle in situ methodology (e.g., Hennessy & Wiesenthal, 1997 , 1999 , 2001b Hennessy, Wiesenthal, & Kohn, 2000; Wickens & Wiesenthal, 2005; Wiesenthal, Hennessy, & Totten, 2000) . In the earliest studies, highway/expressway commuters identified a portion of their route where they typically encountered light or easygoing traffic and a portion of their route where they typically encountered heavy traffic congestion. The order in which participants encountered these levels of traffic congestion was counterbalanced. While participants were driving through these portions of their route on their way home, they would use a cellular telephone to call the experimenter. Driver stress would be measured via telephone during the actual commute. In the latter studies, ethical considerations concerning the safety of cellular telephone use while driving led to a minor amendment to the procedure, such that commuters were asked to exit the highway after driving through the predetermined traffic zone, safely park their vehicle, and telephone the experimenter. In either case, this methodology minimized the risk of biased or inaccurate recall.
The studies utilizing this methodology replicated several important findings. First, traffic congestion is a major source of commuter stress. Participants perceived greater IN SITU METHODOLOGY FOR DRIVER STRESS 5 stress when driving through heavy traffic congestion compared to light traffic. Second, time urgency predicted driver stress; the more participants were rushed for time, the more driver stress they reported. Third, perceived control has been recognized as improving well-being in a number of contexts including healthcare, workplace, and academic settings (Skinner, 1996) . Perceived control has a similar function in the driving environment; the more participants felt they were in control of the driving situation, the less driver stress they reported. Fourth, no gender effects were reported for driver stress or mild driver aggression. Male participants reported greater roadway violence than female participants, but only in association with a strongly vengeful attitude (Hennessy & Wiesenthal, 2002a , 2002b . Finally, participants who had a higher baseline level of stress reported more driver stress in the actual driving situation. conceptualized driver stress as both a state-level construct, specific to a given situation, and as a trait-level construct, which reflected an accumulation of negative feelings and frustrations related to driving generally. Gulian, Debney, et al. postulated a reciprocal relationship between the state-and trait-level constructs, with each exacerbating and reinforcing the other. Hennessy, Wiesenthal, and colleagues confirmed the positive association between these state-and trait-level constructs within the actual driving environment.
Limitations of Previous Research
Despite these important findings and the identification of additional risk factors for driver stress (e.g., daily hassles, job stress, general aggression), the studies by Hennessy, Wiesenthal, and colleagues shared a common limitation. Each of these studies adopted a repeated-measures research design, requiring that each participant be exposed IN SITU METHODOLOGY FOR DRIVER STRESS 6 to both high and low congestion conditions. This approach was taken in order to reduce between-subjects variability, which could have been overwhelming in a study conducted outside of the strict experimental control of the laboratory. However, the repeatedmeasures design also increased the possibility of demand characteristics, as participants could have deliberately inflated their driver stress scores in the more congested traffic area or deflated scores in the less congested traffic area. Although the original studies all tested for order effects and found none, participants were aware in advance that they would be subjected to contrasting congestion levels and may have speculated about the experimenters' expected findings.
Purpose and Hypotheses of the Current Study
In response to this criticism, the current study is a replication of the primary findings of the previous research using a between-subjects research design. As such, the follow hypotheses were postulated:
1. Time urgency would be associated with increased state driver stress.
2. Perceived control would be associated with reduced state driver stress.
3. Increased traffic congestion would be associated with increased state driver stress.
4. Trait driver stress would positively predict state driver stress.
5. Gender would not be predictive of state driver stress.
Method

Participants
A total of 170 undergraduate students were recruited to participate in a study of thoughts and feelings about driving. Participants were required to (1) drive home alone;
(2) along a 400-or similar series highway; and (3) to encounter a section of exclusively heavy or exclusively light traffic on that highway. In Ontario, the 400-series highways are a controlled-access network of multi-lane highways with a speed limit of 100 kph (62 mph). Participants were obtained using the undergraduate research participant pool and through on-campus in-person recruitment. Respondents recruited through the participant pool received course credit; respondents recruited in-person received a $10 university bookstore gift card or a certificate for a free cinema movie.
As with previous studies using the in situ methodology, the level of traffic congestion encountered by participants was estimated in advance of their participation based on their recall of typical daily commutes. However, estimates of the level of traffic are not always accurate; drivers' perceptions of what constitutes "heavy traffic" can vary considerably (Laetz, 1990) . Also, the level of traffic encountered during participation sometimes differs from the expected norm (e.g., a collision results in heavy traffic where there is normally only light traffic). Given the median reported speed of 70 kph across both conditions (43.5 mph), participants in the heavy congestion condition were required to travel no faster than 69 kph and participants in the light traffic condition were required to travel no slower than 70 kph. Participants who did not meet this requirement on the day of their participation were eliminated from the analysis. A total of 170 participants completed the study; based on this inclusion criteria, the current analysis includes a sample of 134 participants.
Measures
Trait Driver Stress. The Driving Behavior Inventory-General (DBI-Gen; ) was used to measure participants' general disposition or trait IN SITU METHODOLOGY FOR DRIVER STRESS 8 susceptibility to driver stress. The current study used an 11-item version of the DBI-Gen, which has been previously established as a valid, robust, and reliable measure (Glendon et al., 1993; Hennessy & Wiesenthal, 1997; Matthews et al., 1991) . The 11-item version of the measure, which uses a rating scale ranging from 0 to 100, has demonstrated strong internal consistency in prior research (α = .80 -.90; Hennessy & Wiesenthal, 1997; Hennessy et al., 2000) .
State Driver Stress. The State Driver Stress Questionnaire (SDSQ; Hennessy & Wiesenthal, 1997) was designed to measure the state-level experience of driver stress through verbal administration in the actual driving situation. The scale consists of 11 items that are similar to those from the DBI-Gen, as well as 10 items from the Stress Arousal Checklist (Mackay, Cox, Burrows, & Lazzerini, 1978) . The SDSQ, which uses a rating scale ranging from 0 to 100, has demonstrated strong internal consistency in both light (α = .92 -.94) and heavy (α = .90 -.97) traffic congestion conditions (Hennessy & Wiesenthal, 1997 , 1999 Hennessy et al., 2000; Wiesenthal et al., 2000) .
Time Urgency. A 3-item measure of time urgency used in previous research (Hennessy & Wiesenthal, 1997; Wickens & Wiesenthal, 2005) was included in the current study. Level of agreement with each of the items was rated on a scale ranging from 0 to 100.
Perceived Control. A 4-item measure of perceived control over the driving environment was also included in the current study. This measure was revised from previous research (e.g., Wickens & Wiesenthal, 2005) in which this scale consisted of only a single item. Again, level of agreement with each item was rated on a scale ranging from 0 to 100.
Level of Traffic Congestion Check.
In order to confirm that participants correctly predicted the level of traffic congestion encountered during their commute, one item asked participants to report their average speed in the last 5 minutes of their commute.
Demographic and Additional Information. Demographic information obtained included age, gender, marital status, number of years licensed to drive, and number of hours spent driving each week. A series of other individual difference measures were also included for piloting purposes. As they are not relevant to the current analysis, these measures will not be addressed here.
Procedure
The procedures followed in the current study were very similar to those of the Hennessy and Wiesenthal research previously cited. During recruitment, participants identified an area along their highway commute where they typically encountered either light traffic or heavy congestion. The participants' experience of light or heavy traffic would need to be expected to persist for at least five continuous minutes in order to make them eligible for participation. Recognizing that perceptions of heavy traffic congestion can vary (Laetz, 1990) , and that participants self-identifying themselves as motorists who experience heavy traffic may have encountered what was defined as light congestion for the purposes of the current study (i.e., traffic flowing at a speed of 70 kph or more), it was anticipated that more participants from the heavy traffic congestion condition would be eliminated from the current analysis than participants from the light traffic condition.
As well, more potential participants experienced light than heavy traffic congestion during their commute. For these reasons, participants who qualified for both the light and heavy traffic congestion conditions were assigned to the heavy traffic group. Participants
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were asked to identify a highway exit near the end of the light or heavy traffic area and a parking spot where they could safely complete a short questionnaire. Selection of this location in advance of their participation prevented any concern about parking from contributing to their state driver stress.
Participants were given two packages of questionnaires. The first package, labeled "Before You Leave School", contained the DBI-Gen and demographic questionnaire.
Participants were instructed to complete this questionnaire prior to their afternoon commute between campus and home on the day of their study participation. The second package, labeled "Driving Session", contained the SDSQ. Unlike previous studies in this line of research which relied on cell phone administered measures, the current study administered the SDSQ using a paper-and-pencil survey method. Participants were instructed to drive through their identified traffic area as they normally would, to leave the highway at the designated exit, and to proceed to their preplanned parking spot. Once safely stopped, participants responded to the SDSQ. Upon completion of this questionnaire, participation in the study ended. Participants were asked to return the questionnaire packages to the experimenter on their next visit to campus. This methodology was approved by the York University Research Ethics Board.
Results
Demographics
Of the 63 participants recruited for the light traffic condition, 58 participants encountered traffic moving at a speed of at least 70 kph on the day of their participation and were retained for the current analysis. = -2.00, p = .048.
Reliability of the Measures
The internal consistency of all continuous measures (see Table 1 ) including the SDSQ, time urgency, perceived control, and the DBI-Gen was within the acceptable range, each generating a Cronbach's alpha greater than the recommended minimum of .70 (Nunnally & Bernstein, 1994) . Table 1 presents an intercorrelational matrix of the bivariate relationships between continuous variables. A positive relationship was found between state driver stress and time urgency (r = .50, p < .001), whereas a negative relationship was found between state driver stress and perceived control (r = -.54, p < .001). In light of these relationships, both time urgency and perceived control were treated as covariates in the subsequent hierarchical linear regression analysis.
Bivariate Relationships among Variables
A series of independent samples t-tests assessing gender differences in the continuous variables found no significant results. As a lack of a gender difference in state driver stress was specifically hypothesized, a test of equivalence was used to assess this result. The mean SDSQ score for male participants was 40.65 (SD = 18.11) and the mean SDSQ score for female participants was 42.54 (SD = 21.02). The two groups were statistically equivalent using the Schuirmann two independent samples test of equivalence (Schuirmann, 1987) with an interval of one-half of a standard deviation, t1 (125.74) = -3.46, p < .001, t2 (125.74) = 2.35, p = .01, epsilon = 9.91, Cohen's d = .10.
Thus, the null hypothesis that the difference between the means exceeds the equivalence interval was rejected.
A t-test assessing trait driver stress as a function of congestion level also revealed no significant difference between groups, t(132) = -.86, p = .39. A Pearson chi-square test found no significant difference in the number of male and female drivers across the light and heavy traffic conditions, χ 2 (1) = .02, p = .88.
Hierarchical Linear Regression Analysis
The main effect predictors assessed in the regression analysis of state driver stress included congestion level, gender, and trait driver stress. Preliminary screening of the data revealed that perceived control (a covariate) was negatively skewed. In response to this assumption violation, perceived control scores were reflected and a square root transformation applied, thereby resolving non-normality. As a result of this transformation, higher perceived control scores within the regression now represent an absence of perceived control. This change is reflected in the relabeling of the variable as "Lack of Perceived Control". The three-way interaction among the main predictor variables and all two-way interactions were included in each initial model. In order to reduce multicollinearity, all interactions were centered. Main effects were also centered, although Kline and Dunn (2000) found identical results with centered and non-centered main effects when conducting regression analysis.
A hierarchical stepwise regression analysis was used to generate final models that included only two classes of effects: those that were statistically significant and those that, significant or not in themselves, were implicated in a significant interaction. This statistical approach has been outlined in greater detail elsewhere (e.g., Kohn, Gurevich, Pickering, & Macdonald, 1994; Kohn & Macdonald, 1992) and was adopted in the original in situ methodology studies using the repeated-measures design conducted by Hennessy, Wiesenthal, and colleagues (e.g., Hennessy & Wiesenthal, 1997 , 1999 , 2001b Hennessy et al., 2000; Wickens & Wiesenthal, 2005; Wiesenthal et al., 2000) . This strategy was originally chosen because of its greater statistical power to delete noncontributory predictor variables. Using this approach, all main effects and two-way
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interactions are entered forcibly and the three-way interaction is entered stepwise on the first run. If the three-way interaction is significant, all significant and implicated variables are retained. If the three-way interaction is not significant, all main effects are entered forcibly and the two-way interactions are entered stepwise on the second run. This pattern is followed until, if necessary, all main effects are entered stepwise on the third run. Table 2 presents the final regression model. Missing cases were treated listwise, resulting in a loss of two additional participants. As predicted, time urgency and a lack of perceived control positively predicted state driver stress. Likewise, trait driver stress contributed to a greater experience of state driver stress. Finally, heavy traffic was associated with higher levels of state driver stress. Overall, the model accounted for 64% of the variance. Although it was not statistically significant and was therefore eliminated from the final model, the interaction between congestion level and trait driver stress approached significance (p = .07) in the second run of the regression. Increased state driver stress, especially in heavy traffic, was associated with trait driver stress.
Alternative Traffic Congestion Criteria Tested
The median reported speed of 70 kph was chosen as the speed criterion for inclusion in the statistical analysis; participants in the heavy congestion condition were required to be traveling less than 70 kph and participants in the light traffic condition were required to be traveling at least 70 kph immediately prior to completing the invehicle questionnaire. This speed criterion was founded on both a theoretical and practical basis. In an earlier study using the in situ methodology, Wickens and Wiesenthal (2005) found that participants reported travelling 63.83 kph on average in their heavy congestion condition, suggesting that a criterion of 70 kph in the current study would be appropriate. In addition, the value of 70 kph maximized the number of participants retained for the current analysis. Nonetheless, additional analyses were conducted to confirm the findings of the current study using two alternative traffic congestion criteria; 60 and 80 kph. Specifically, the regression analyses were re-run twice, requiring participants in the heavy congestion condition to report traveling no more than 59 and 79 kph, and participants in the light traffic condition to report traveling no less than 60 and 80 kph. The regression analyses using these alternative criteria produced similar results to those reported previously; however, the interaction between congestion level and trait driver stress that approached significance in the second run of the original regression was no longer marginally significant (p = .14) when the 60 kph criterion was introduced.
Discussion
The in-vehicle in situ methodology for quasi-experimental study of state driver stress developed by Hennessy, Wiesenthal, and colleagues (e.g., Hennessy & Wiesenthal, 1997 , 1999 , 2001b Hennessy et al., 2000; Wickens & Wiesenthal, 2005; has contributed substantially to the available scientific literature concerning driver stress and aggression. Despite this significant contribution, the methodology was not fully demonstrated as it had been used exclusively with a repeated-measures research design. As a result, the methodology was criticized for possibly increasing demand characteristics; drivers may have inflated their stress scores in the more congested traffic area or deflated their stress scores in the less congested traffic area. In response to this limitation, the current study conducted a replication of the previous research of state driver stress using the in situ methodology and a between-subjects research design.
Results of the current study replicated those of the previous research, demonstrating the strength and utility of the in situ methodology regardless of the research design. Consistent with the first hypothesis, drivers experiencing time urgency reported higher levels of state driver stress. Lazarus (1981) postulated an additive effect of one stressful event on the perceived severity of another. Everyday hassles such as getting to work/school on time likely heighten the frustration and negative affect in the driving environment. Likewise, consistent with the second hypothesis, drivers experiencing a lack of perceived control over the driving situation also reported higher levels of state driver stress. Perceived control over one's environment is an important factor in the stress appraisal process (Glass & Singer, 1972) , and it has been suggested that perceiving adverse driving conditions as stressful is the immediate result of a loss of control . Consistent with the third hypothesis, heavy traffic congestion was associated with reports of greater state driver stress. Traffic congestion blocks the attainment of goals, such as driving at a certain speed, and is therefore interpreted as a negative and frustrating event (Novaco, Stokols, Campbell, & Stokols, 1979) . Even without time demands, a significant percentage of drivers frequently report irritation in congested roadway conditions .
Consistent with the fourth hypothesis, drivers with a trait susceptibility to driver stress reported higher levels of in-vehicle state stress. High trait-stress drivers are more likely to interpret negative roadway events as stressful and to show heightened levels of arousal and unpleasant mood when driving Matthews et al., 1998) , which, in turn, maintains and/or intensifies in a cyclical fashion their general disposition to driver stress . Finally, consistent with previous studies in this research program (Hennessy & Wiesenthal, 1997 , 1999 Hennessy et al., 2000; Wickens & Wiesenthal, 2005; Wiesenthal et al., 2000) , male and female participants reported similar levels of state driver stress. Although male drivers may commit more driving violations, receive more traffic citations, and be involved in more motor vehicle collisions than female drivers, when not taking exposure into account, there is evidence to suggest that male and female drivers experience similar overall levels of stress and anger in response to roadway frustrations. The difference lies in the nature and severity of their behavioral response to these emotions (Wickens et al., 2012) .
Interestingly, the interaction between congestion and trait driver stress approached significance in the second round of the regression, but ultimately, was deleted from the final model. Hennessy and Wiesenthal (1997) conducted a median split of participants' DBI-Gen scores and entered them into a split-plot factorial analysis with level of traffic congestion as the within-subjects variable and trait driver stress as the between-subjects variable. Similar to the marginally significant interaction in the current analysis, Hennessy and Wiesenthal identified a significant interaction between trait driver stress and congestion level, such that high trait stress drivers experienced more state driver stress, particularly under heavy traffic congestion conditions. According to Hennessy and Wiesenthal, this interaction had implications for the distinction between state-and traitlevel measures of driver stress. Specifically, the DBI-Gen proved to be a good indicator of which drivers do and do not have a general disposition to driver stress. The fact that a more detailed picture of driver stress emerged when the level of traffic within the driving environment was considered suggests that researchers must be careful in using the DBIGen appropriately. Researchers may consider providing contextual information concerning specific roadway conditions (e.g., level of traffic, time urgency) if they intend to examine trait-level stress at any level of further situation specificity. As the interaction in the current study only approached significance, future research is needed to determine if this effect is an artifact or a function of the research design.
Despite addressing concerns of an increased risk of demand characteristics associated with the repeated-measures design, the current study was still affected by several shortcomings. First, although the potential for demand characteristics was reduced by the between-subjects design, it may not have been eliminated completely.
Participants were assigned to conditions after providing information about their commute, and were aware of both study groups. Although participants were not able to adjust responses in one condition relative to another, participants could have adjusted their responses based on knowledge of group assignment alone. Future research should find a way to obtain participants' commuting details without revealing information about treatment groups to participants. Prescreening in a large participant pool may help to address this issue. Second, as with previous studies using this in situ methodology, there was no confirmation that participants had actually parked their vehicles mid-commute and completed the in-vehicle questionnaire as instructed. The recent accessibility of Global Positioning System (GPS) technology has now made participant tracking possible.
Assuming potential ethical concerns could be addressed, GPS technology could be used in future studies to confirm reported traffic levels and participant compliance. Third, as with the previous studies in this research program, driver stress was measured during a single trip. The way in which personality, situation, and environment interact to affect driver stress may be more complex than can be measured in a single journey. Research with multiple measurements is needed to understand in greater detail the true nature of the relationship between these constructs. Fourth, the current sample consisted primarily of younger drivers. Previous research has typically shown younger drivers to report greater stress and aggression in the roadway environment Wickens, Mann, Stoduto, Ialomiteanu, & Smart, 2011) . Future research that includes a wider array of driver ages is needed to ensure that the findings of the current study are generalizable to the entire driving population. Finally, the selection of participants to be retained for the current analysis was based on a median split of self-reported speed driven just prior to completing the in-vehicle questionnaire. A tertiary split would have ensured a greater qualitative difference between the experiences of drivers in the light versus heavy traffic conditions. Although the median split allowed for maximal retention of participants, future research might consider recruiting a larger sample and adopting a more tertiary speed requirement (e.g., no slower than 80 kph for the light traffic condition, no faster than 30 kph for the heavy traffic condition) in order to maximize the study's ability to detect small effects. For instance, the interaction between congestion level and trait driver stress may be better detected with more stringent speed criteria.
Results of the current study have several important implications for the societal response to driver stress, not the least of which is acknowledging the contribution that traffic congestion and time urgency make to driver stress, and recognizing them as a public health concern. As such, a multifaceted approach to reducing driver stress should be implemented including organizational changes to reduce traffic congestion (e.g., telecommuting, flextime hours) and promotional campaigns encouraging motorists to remain calm behind the wheel (e.g., deep breathing, music listening (Wiesenthal et al., IN SITU METHODOLOGY FOR DRIVER STRESS 20 2000) , etc.). Based on the results of the current study, a campaign focused on reducing driver stress would not need to target male and female motorists separately. Instead, such a campaign could target drivers who have developed a trait-level disposition of driver stress to recognize and address their susceptibility to negative affect behind the wheel.
These efforts to reduce driver stress could go a long way to reducing the incidence of risky driving, roadway aggression, and motor vehicle collisions. 
